Nerve fibres containing immunoreactive substance P (SP) were demonstrated in the wall of cerebral blood vessels of several mammalian species. Pial arteries of cat and guinea-pig were richly supplied with SP nerve fibres, while those of rat, rabbit, pig, and man had a moderate number. SP fibres were more numerous in pial vessels belonging to the rostral parts of the circle of Willis as compared to more caudally located blood vessels. In cat and guinea-pig, blood vessels in the choroid plexus were surrounded by few SP nerve fibres; also spinal cord blood vessels of cat contained few such fibres.
Cerebral blood vessels are supplied with adrener gic (Ow man and Edvinsson, 1977) and acetylcholin esterase (AChE)-positive (Edvinsson et aI., 1972) nerve fibres. Catecholamines and acetylcholine have a variety of actions, and corresponding re ceptor sites have been demonstrated in the cerebral circulation (Edvinsson and Mackenzie, 1976; Hei stad and Marcus, 1978; Purves, 1978) . Recent im munohistochemical studies have demonstrated pial vessels to be invested also with nerve fibres con taining vasoactive intestinal polypeptide (VIP) (Larsson et aI., 1976; Edvinsson et aI., 1980) . VIP has been found to dilate pial arteries both in vitro (Larsson et aI., 1976) and in situ and to increase cerebral blood flow and brain metabolism (McCul loch and Edvinsson, 1980) . Substance P (SP), another neuropeptide with possible transmitter function, occurs like VIP in the central nervous system (Hokfelt et aI., 1977; Ljungdahl et aI., 1978) , as well as in several peripheral organs (Nilsson et aI., 1975; Pearse and Polak, 1975; AIm et aI., 1978; Hokfelt et aI., 1980) . In the periphery, SP-containing nerve fibres are found in association with epithelia, glandular acini, smooth muscle, and blood vessels (H:1kanson et aI., 1981) . The majority of the SP-containing fibres in the gut wall are of local origin (cf. Malmfors et aI., 1980) , and they appear to mediate motor function. In addition, it has been suggested that some SP fi bres may represent peripheral ramifications of pri mary sensory neurones (Hokfelt et aI., 1977) .
The occurrence of SP-containing nerve fibres around cerebral blood vessels of rat has been re ported by Chan-Palay (1977) . This finding, together with the potent dilatory actions of SP on peripheral blood vessels (Euler and Gaddum, 1931; Maxwell, 1968; Bury and Mashford, 1977) stimulated the present immunohistochemical study, where the oc currence and distribution of SP fibres in the wall of cerebral blood vessels were analysed in several mammalian species, including man.
MATERIAL AN D METHODS
Pial vessels from adult rat (5), guinea-pig (6), rab bit (3), cat (5), pig (3), and man (2) were examined (number of animals in parentheses). In addition, choroid plexuses were taken from the ventricles of rat (5), guinea-pig (6), and cat (5). Pieces of spinal cord blood vessels were taken from guinea-pig (3), rabbit (3), and cat (3). Material from pigs was ob tained from a nearby slaughterhouse (5-10 min after death). Human pial vessels were obtained from operation specimens taken during lobe resection in conjunction with tumor surgery.
Immunocytochemistry
Rats and guinea-pigs were anesthetized with diethyl ether and then perfused via the heart with an ice-cold fixation solution of 4% formaldehyde in 0.1 M sodium phosphate buffer, pH 7.2. Cats and rabbits were anaesthetized by i. p. or i. v. injections of pentobarbital and killed by exsanguination. All specimens were, after removal, immersed in the fixation solution for 24-48 h at 4°C. The spec imens were then rinsed in Tyrode' s solution con taining 5% sucrose at 4°C for 24-48 h, frozen on dry ice, and sectioned (15 /Lm thickness) in a cryostat at -20°C. Some vessels were stretched di rect on clean slides, fixed in Stefanini's solution (Stefanini et aI., 1967) , dehydrated, cleared in xylene, and rehydrated before exposure to the antibodies. All sections were processed for the im munohistochemical demonstration (Coons et aI., 1955) of SP using a rabbit antiserum (code No. SP-8) against synthetic bovine SP. The antiserum was kindly supplied by Dr. P. Emson, MRC, Neurochemical Pharmacology Unit, Department of Pharmacology, Cambridge, England. It has been used in previous immunohistochemical studies (Alumets et aI., 1980; Brodin et aI., 1981) . This anti serum does not cross-react with other peptides known to occur in peripheral nerves (VIP, somato statin, enkephalin, neurotensin, or gastrinlCCK), nor does it cross react with the chemically related peptide bombesin at the immunocytochemical level (Brodin et aI., 1981) . However, it does cross-react with physalaemin, an SP-like peptide recently claimed to occur in neuronal elements of the mam malian gut (Lazarus et aI., 1980; Brodin et aI., 1981) . For brevity, nerve fibres displaying SP-like immunoreactivity are in the following referred to as SP nerve fibres or SP fibres, although the presence of SP-like peptides such as physalaemin cannot be excluded. The antiserum was used in a dilution of 1:80. The site of the antigen-antibody reaction was revealed by fluorescein isothiocyanate-Iabelled goat anti-rabbit IgG, used in a dilution of 1 :20. Sections incubated with antiserum inactivated by the addi tion of excess antigen (100 /Lg of synthetic SP/ml diluted antiserum) were used as controls.
RESULTS

Pial Vessels
Nerve fibres displaying SP immunoreactivity were found in the wall of pial arteries of all species examined (Table 1 ). The immunoreactive fibres were located in the adventitia and at the adventi tia-media border.
The vessels from cat and guinea-pig were sur rounded by numerous SP fibres; vessels from pig, rabbit, and man contained a moderate number; and vessels from rat were supplied with few such fibres (Fig. 1) . A characteristic regional distribution of SP fibres was found. Thus, there was tendency for the number of immunoreactive fibres to diminish pro gressively in the caudal direction from the anterior and middle cerebral arteries to the basilar and ver tebral arteries (Table 2) .
Spinal Cord Blood Vessels
SP fibres were not observed in relation to spinal cord blood vessels located in the pia-arachnoid of rabbit and guinea-pig. A few fibres were seen in the cat.
Choroid Plexus
A few SP fibres were observed in the wall of blood vessels in the choroid plexus of cat and guinea-pig ( Fig. 2) . SP fibres were not observed In choroid plexus tissue of rat.
DISCUSSION
Substance P (SP) is a neuropeptide with wide spread distribution in the central nervous system (Bury and Mashford, 1977; Ljungdahl et al., 1978) , as well as in several peripheral organs such as the gastrointestinal system Pearse and Polak, 1975) and the genitourinary (Aim et aI., 1978) and upper respiratory tracts (Uddman et al., unpublished observations) . In addition, SP fibres are numerous in tissues known to receive a heavy sensory innervation. These tissues include skin (Hokfelt et al., 1975) and tooth pulp (Olgart et al., 1977) . In the tooth pulp, administration of SP evokes an atropine-resistant vasodilatation (Gaze lius and Olgart, 1980) . In the skin, SP has been sug gested as a mediator of the antidromic vasodilata tion occurring upon stimulation of local sensory nerves (Lembeck and Holzer, 1979) , a finding that supports the assumption that SP fibres in these or gans are peripheral ramifications of primary af ferent neurones (Cuello et al., 1978; Hokfelt et al., 1980) . The occurrence of SP immunoreactive nerve fi bres around cerebral blood vessels of the rat has been noted previously (Chan-Palay, 1977) . The present study confirms this finding and in addition demonstrates the occurrence of SP fibres in the wall of cerebral vessels and choroid plexus of several mammals. Certain variations between species and regions were noted with regard to the density of the SP nerve supply. Thus, the pial vessels of cat and guinea-pig have a very rich supply of such fibres, while only few fibres were observed in cerebral blood vessels from rat. The SP-containing fibres were fewer in the more caudally located pial vessels than in vessels located in the rostral part of the circle of Willis. This also holds true for the regional distribution of adrener gic, AChE-positive, and VIP-containing nerve fi bres (Edvinsson et aI., 1972; Edvinsson et aI., 1980) . It is notable that pial SP fibres are most abundant in those species where the vessels are richly supplied with adrenergic, AChE-positive, and VIP nerve fibres (Edvinsson et aI., 1972; Owman and Edvinsson, 1977; Edvinsson et aI., 1980) . The choroid plexus blood vessels have a scarce supply of SP fibres in cat and guinea-pig. The VIP fibres are also few in this region, while ad renergic and AChE-positive fibres seem to be more numerous (Lindvall et aI., 1978) . It is notable that spinal cord blood vessels have very few SP im munoreactive nerve fibres. These latter vessels thus mainly contain adrenergic nerve fibres, since they have previously been shown to be devoid of AChE-positive and VIP-immunoreactive nerve fi bres (see Edvinsson et aI., 1980) .
Although no systematic study has been pursued of the supply of SP-containing nerve fibres in the peripheral circulation, several authors have com mented upon the presence of such fibres in the wall of peripheral blood vessels (Hokfelt et aI., 1977; Aim et aI., 1978) . Many vessels in the peripheral vascu lar bed, both arteries and veins, receive SP nerve fibres, and they are able to respond to administra tion of SP in vitro (Uddman et aI., unpublished ob servations).
The circulatory effects of SP have been examined extensively both in animals and in man. Although SP has marked effects on various peripheral vascu lar beds (for references, see Euler and Pernow, 1977) , its action on the cerebral circulation is not yet established. Thus, SP has been reported to be with out effect on isolated pial arteries in vitro (Hanko et aI., 1981) , and it does not alter cerebral blood flow following intracarotid administration (Samnegiird et aI., 1978) . Local administration of SP, however, has been found to increase hypothalamic blood flow, possibly mediated by a cholinergic mechanism (Klugman et aI., 1980) . With regard to VIP, there is general agreement that this neuropeptide dilates pial arteries in vitro and in situ , and that it in creases cerebral blood flow and metabolism (Lars son et aI., 1976; McCulloch and Edvinsson, 1980) .
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